Objective: The objective of this study was to investigate beliefs and attitudes towards sugar-free products in a sample of Italian teenagers. Design: A total of 10 secondary public schools in the county of Rome were randomly selected. The probability of being extracted was set proportional to the number of students. A random sample of teenagers was selected from the schools for participating in a food consumption survey. Subjects: The sample included 233 adolescents, aged 15-21 y. A total of 224 adolescents agreed to participate in the study aimed at assessing beliefs and attitudes. Interventions: Two questionnaires were completed at the first day of the last period of the 4-day food survey. The first questionnaire contained questions on attitudes and beliefs toward a healthy diet. The second questionnaire, aimed at assessing adolescents' attitudes towards the consumption of sugar-free products, was based in part on the social-psychological model of the Theory of Planned Behaviour. Results: In general, the adolescents of this sample seemed to be quite uncertain in their responses. On average, they did not express an emphatic point of view with regard to the act of eating sugar-free products. The results of the assessment of relationships between the variables of the theoretical model revealed the lack of causal links among beliefs, attitudes, intention and consumption of sugar-free products. Perceived behavioural control was not a significant predictor of intention. Conclusions: The target of further studies aimed at investigating attitudes towards sugar-free products should be tailored according to the quantity of consumption of such products in order to represent a sample of frequent and high consumers of sugar-free products.
Introduction
Food choice is a complex process influenced by many interrelated factors. Cultural background, social factors (ageing population, changes in the structure of the family), concerns over health and the environment interact with individual perception of foods' organoleptic characteristics to influence food choice. In recent years, there has been increased more concern among consumers over some aspects of food consumption, such as diet and health, food safety, the environment.
The choice of foods by individuals is an issue of interest not only for people involved in the food production and distribution system, but also for those concerned with nutrition and health education.
Eating behaviours are central to an adolescent physical development and health. Behavioural patterns adopted in adolescence tend to persist into adulthood (Kelder et al, 1994) . Furthermore, an unbalanced diet may have a longterm impact on health (US, 1988) and preventive action is recommended by international and national agencies in order to improve dietary habits in young people. Few studies have attempted to establish what factors influence food choice in adolescence (Dennison & Shepherd, 1995; Conner & Norman, 1996) . It is realised that the diet of young people is determined by a wide range of factors, including genetic (Logue, 1991) , taste (Michela & Contento, 1986; Williams et al, 1993) , social and cultural factors (Axelson, 1986; Rolls, 1988) . Several studies have shown that family and friends have a strong influence upon young persons' dietary behaviour (Khan, 1981; Williams et al, 1993) . In general, it appeared that younger female subjects were most positively predisposed towards making healthier choices (George & Krondl, 1983; Conner et al, 1991) . Attempts to change body weight and body shape through various means such as dieting are becoming currently very common in the adolescents. This could partly be due to health concerns, although achieving a socially acceptable slim body shape is often a more important outcome for adolescents. Dieting has been found to be extremely common in female adolescents (Wardle & Marsland, 1990; Hill, 1993; Barker et al, 2000) . In particular, consuming foods in a sugar-free version (soft drinks, yoghurt, chewing gum and candies) represents one of the most common strategies engaged by the adolescents, disregarding other options that require a strong personal commitment. Technological advances in food science have resulted in the development of numerous foods in a sugarfree version (chewing gum, candies and tables-top sweeteners). Many studies in humans have investigated the effects of sweeteners on eating behaviour (Rogers et al, 1988) and body weight control (Kanders et al, 1988) , energy expenditure (Prat-Larquemin et al, 2000) . As for other additives, the safety limits for intake of sweeteners are expressed as the acceptable daily intake (ADI), defined as the amount of a food additive (per kilogram body weight) that can be ingested daily over a lifetime without incurring any appreciable health risk, and is based on an evaluation of available toxicological data. The ADI is a conservative level; it usually reflects an amount 100 times lesser than the maximum level at which no observed adverse effect occurs in animal studies (Kokoski et al, 1990) . A potential risk of exceeding the ADI for intense sweeteners has been evidenced (European Commission, 1998) . Although previous studies suggested that Italian teenagers' dietary patterns included few occasions and irregular choices of consumption of products available in a sugar-free version (Leclercq et al, 1999) , the consumption of these products is increasing (Pontiggia, 2000) . Research aimed at understanding attitudes of adolescents towards the consumption of such products is missing, and little research has employed a theoretical model to understand adolescents' food choice (Dennison & Shepherd, 1995) .
Understanding the role of the variables can provide useful insights for behaviour change strategies. Several types of approach, developed in the behavioural sciences, were adapted to the issue of food choice behaviour, although the most commonly used was that adapted from the theory of reasoned action (TRA) (Ajzen & Fishbein, 1980) . According to the TRA, behaviour is predicted by the conscious decision to perform the action, that is, the behavioural intention, which in turn is predicted by a combination of people's attitude towards performing the behaviour and their perceptions of social pressure upon them to perform that behaviour, i.e. the subjective norm. Thus, people engage in behaviour to the extent that they have decided to engage in it (volitional behaviour), and this decision follows from thinking that the behaviour is likely to have good consequences and that significant others want them to engage in the behaviour. A recent extention of the TRA is the theory of planned behaviour (TPB) (Ajzen, 1991) , which includes perceived behavioural control (PBC), one's perception of how easy or difficult it is to perform the behaviour, as an additional predictor of intention and behaviour.
The aim of this research was two-fold: (1) to describe profiles of a sample of Italian adolescents according to their attitudes towards healthy eating; (2) to explore which were the most important predictors of consuming foods in sugarfree version (soft drinks, table-top sweeteners, candies, chewing gums, yoghurts and jam) by using, in part, the theoretical frameworks of the 'Theory of Planned Behaviour' (TPB) (Ajzen, 1991) . The TPB is an extension of the TRA, which suggests that the proximal cause of volitional behaviour is one's intention to engage in that behaviour. Intentions represent a person's conscious plan or decision to exert effort to perform the behaviour. The TPB was developed in order to include such nonvolitional behaviours by incorporating explicit considerations of perceptions of control over performance of the behaviour as an additional predictor of behaviour.
Methods

Subjects
In total, 10 public secondary schools were randomly selected out of the 256 present in the District of Rome (163 in the city of Rome and 93 in the surrounding). The probability of being extracted of each school was set proportional to its number of students. One of them decided not to participate, so the survey was performed in nine schools (five in Rome and four in the surrounding).
All students belonging to the second (usually aged 15 y), third (usually aged 16 y) or fourth year (usually aged 17 y) of these schools, 150 male and 120 female students; were randomly extracted and were asked to participate in a detailed food survey. Positive parental permission was sought by letters. In this sample, 28 subjects (10.3%) refused due to student/parent unavailability, seven changed school (2.6%) and two male students were found to be unreliable by interviewers. The final sample included 125 boys and 108 girls living in the county of Rome, aged 15-21 y. A food survey was conducted from October 2000 to May 2001 by interviewers. The adolescents were asked to record all food and beverages consumed during four consecutive days in three different periods of the school year, for a total of 12 Attitudes to sugar-free products in adolescents F Messina et al days (for more details, see Arcella et al, 2003) . On the first day of the last meeting, the adolescents were asked to participate in a study aimed at understanding attitudes and beliefs towards the consumption of sugar-free products. A total of 224 adolescents out of the 233 who recorded correctly their consumption agreed to participate in this study too.
Attitudes and beliefs towards healthy diet and sweeteners Two questionnaires were completed at the first day of the last period of the food survey. The first questionnaire contained questions on attitudes and beliefs towards a healthy diet. One question intended to understand which of the foods were having a harmful influence on health, according to the students' point of view. Two questions were aimed at understanding which of the factors described a healthy diet. One question intended to understand what precautions were to be taken in order to feel fit. The second questionnaire, aimed at assessing adolescents' attitudes towards the consumption of sugar-free products, was based in part on the social-psychological model of the TPB (Ajzen, 1991) . The behaviour was assessed by the daily mean quantity of intense sweeteners, expressed in grams of sucrose equivalent, consumed during the three periods of the food survey. Behavioural intention was measured by asking subjects if they intended to eat sugar-free foods in the forthcoming days. Responses were on a five-point category scale from extremely unlikely to extremely likely. There were two questions measuring the PBC, that read: 'For me, to eat sugar-free products in the next days isy (very difficult/very easy)' and 'If I wanted to I could easily eat sugar-free products in the next days (absolutely false/absolutely true)'. Furthermore, there were two items on attitudes towards eating sugar-free products estimated on two five-point category scales from very bad to very good and from very harmful to very beneficial, respectively. The behavioural beliefs were elicited from a pilot sample of 20 adolescents, following the procedure suggested by Ajzen and Fishbein (1980) . The behavioural beliefs included six items according to the following format: 'If I eat sugar-free productsy I don't gain weight' (strongly disagree/strongly agree). Each behavioural belief had a corresponding outcome evaluation, such as 'If I eat sugar-free productsy I don't gain weight'. The responses were on a five-point category scale labelled from extremely undesirable to extremely desirable.
Data analysis
For all sugar-free products consumed during the survey, the presence of intense sweeteners was checked on the wrapper's label and when the exact concentration was not reported (most cases), it was obtained from food manufacturers. Daily mean consumption of sugar-free foods was transformed from milligrams of sweetener in grams of sugar, considering that one teaspoon of sugar (5 g) may be substituted with 12.5 mg of saccharin, 25 mg of acesulfame K, 31 mg of aspartame or 167 mg of cyclamate (for more details, see Leclercq et al, 1999) .
The sample of students who consumed sweeteners was classified into tertiles (moderate consumers, intermediate and high consumers) according to their daily mean consumption of sugar-free products. Differences between groups of subjects were assessed using the nonparametric analysis of variance (Kruskal-Wallis).
In order to estimate the association between the variables, the attitude and perceived behavioural control items were summed (Ajzen & Fishbein, 1980 ). Cronbach's a coefficients of internal reliability were assessed for attitude and PBC components (Cronbach, 1951) .
Scores on beliefs responses multiplied by the corresponding outcome evaluations were calculated (b1e1, 'If I eat sugar-free products I don't gain weight'; b2e2, 'If I eat sugarfree products I don't promote tooth decay'; b3e3, 'If I eat sugar-free products I ingest less calories'; b4e4, 'If I eat sugarfree products my stomach aches'; b5e5, 'If I eat sugar-free products I spend more'; b6e6, 'If I eat sugar-free products I eat worse taste products'). The behaviour was measured as mean daily quantity of actual consumption of sweeteners. The Pearson correlation was used to assess the association among the variables' attitudes, beliefs, PBC, intention and behaviour.
As a confirmatory analysis of the Fishbein-Ajzen's TPB (1991), a structural equation model could not be performed because of the small sample size. Jöreskog (2001) suggested at least 400 subjects to estimate the asymptotic covariance matrix, so three independent linear regression models were applied in order to specify the relationships among the latent variables, in order to describe the effects and assign the explained and unexplained variance. For one case the stepwise regression method was used. This is a modification of the forward-selection technique and differs in that variables already in the model do not necessarily stay here. The method begins with no variables in the model. Variables are added one by one and the F statistic for a variable to be added must be significant. The stepwise method looks at all the variables already included and deletes anyone that does not produce an F significant. After this check, another variable can be added to the model. The process ends when none of the predictors outside the model has an F value significant (SAS, User's Guide, 2001).
The regression was carried out using SAS 8.01 (2001) and the other analyses were carried out using the statistical package SPSS 11.0 (2001).
Results
The sample of 224 adolescents was composed of 54% male and 46% female subjects. The mean age of respondents was 17 y (71.1 y). Overall, 20.5% of the total sample of Attitudes to sugar-free products in adolescents F Messina et al adolescents adopted a slimming diet at least once during the food survey (data not shown).
The daily mean intake of sucrose equivalent from sugarfree products is reported, for the whole sample and for consumers of sugar-free products in Table 1 .
Among the possible precautions to take in order to feel fit (Table 2) , the adolescents expressed a low level of confidence in the efficacy of a slimming diet, 17.7% indicated not at all efficacious and 61.8% not much efficacious.
On the contrary, most of the respondents highly agreed with precautions such as 'play sport' (96.4% indicated much) and 'assume the right quantities of all the recommended foods' (89.1% answered much). At the same time, a high proportion of respondents did not show confidence in the effectiveness of 'assuming drugs' (80.9% not at all) and 'substituting meals' (63.6% 'not at all'). With reference to other precautions such as 'assuming food integrators', 'assuming table-top sweeteners' and 'assuming sugar-free drinks', results show that most of the respondents are equally distributed between not at all or not much efficacious, while the uncertainty increases in answering about the effectiveness of 'sugar-free drinks' (19.1% of I don't know) and table-top sweeteners (23.6% of I don't know).
Respondents have been requested to indicate at least three main factors that characterised a healthy diet. The results suggested three patterns of diet-related beliefs (Figure 1 ). Figure 1 Main factors characterising a healthy diet (% of answers).
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The answers 'to eat fruit and vegetables' and 'to assume the right quantities of all recommended foods' represented the most deep-rooted beliefs, shared by about 65% of respondents. A second group of sentences corresponding to 'don't skip a meal', 'to have a varied diet', and 'to alternate proteins and starches' are shared by about a third of all the respondents (about 35%). A third group of sentences as 'don't eat fried meals' or 'don't eat sugar' were shared by a very low number of respondents.
The correct quantities of assumed food represent another relevant aspect in reaching a healthy diet. In order to know the opinion of adolescents of the sample, they have been requested (Figure 2 ) to indicate if they would modify the quantities of some foods compared with the quantities presently consumed ('to eat' more or less or the same quantities of 'fruit, vegetables, milk and cheese, legumes, fish, meat, bread, pasta and pizza, sugar, intense sweeteners'). Results showed the willingness of the subjects in reducing fats such as oil and butter (47.1%), foods such as cakes, biscuits and pastry (61.3%) and sweet products such as white and brown sugar or honey (49.4%).
The respondents were equally distributed between those who intend not to modify the assumed quantities of pasta, pizza and bread, and those who think to reduce them (46.2% for both). On the contrary, most of the adolescents stated the intention of increasing fruit and vegetables, fish and legume intakes (72, 64 and 51.7% respectively), whereas more than a half of the respondents did not intend to modify the quantity of milk, meat and eggs presently consumed. About reducing the consumption of intense sweeteners (such as aspartame, saccharin, cyclamate, acesulfame K), results showed a high number of wavering responses expressed by I don't know (49.1%), indicating that the adolescents probably ignored the characteristics of these products.
Concerning the adolescents' perception of possible health damages related with frequent consumption of some specific foods and diet behaviours, results showed a negative attitude of the respondents towards the use of 'substituting meals' (Table 3) .
In fact, 50.9% of the subjects stated that the frequent consumption of these products could be very dangerous for health. Anyway, the high number of wavering answers showed that 27.7% of the respondents did not know whether intense sweeteners can induce health damages. More in general, uncertainty seemed to characterise the adolescents' opinion regarding all sweet products such as brown sugar (40.9% of I don't know), white sugar (19.1%), table-top sweeteners and sugar-free drinks (up to 28%).
Among foods containing sugar, fruit and vegetables were considered absolutely not dangerous for health (87.7% of the respondents considered these foods not at all dangerous).
The average ratings of PBC, attitude and beliefs components are shown in Figure 3 .
The average ratings of all variables were quite low (near 0), with the exception of one item of the PBC, 'If I wanted to I could easily eat sugar-free products in the next days', whose value was greater than 1. The average ratings of the three beliefs' items 'If I eat sugar-free products my stomach aches', 'If I eat sugar-free products I spend more', 'If I eat sugar-free products I eat worse taste products' were negative (disagree). The attitude component 'For me, to eat sugar-free productsy' tended to be negative (bad).
The associations between variables are shown in Table 4 . All the Pearson correlation coefficients were quite low and those significantly different from 0 were pointed out boldfaced. The highest value of correlation was between the component intention and the PBC component, 0.374 (Po0.01). Two more significant coefficients concerned the relationship between PBC and attitude, 0.277 (Po0.01), and the relationship between attitude and intention, 0.224 (Po0.01).
The internal reliabilities measured by Cronbach's a coefficients for the PBC items and the attitudes items were considerably low, 0.36 and 0.32.
Scores on beliefs responses multiplied by the corresponding outcome evaluations (b i e i ) were used such as predictors for the attitude component. A stepwise regression was conducted in order to detect those independent variables providing a significant contribution to the explanation of the attitude component. This technique revealed that only three determinants (b 6 e 6 , namely 'If I eat sugar-free products I eat worse taste products'; b 1 e 1 , namely 'If I eat sugar-free products I don't gain weight'; b 4 e 4 , namely 'If I eat sugar-free products my stomach aches') entered in the model with a significant F value (Po0.10). The final R 2 was very little (R 2 ¼ 0.061) and absolutely unable to validate the model. Figure 2 Quantities of some foods that adolescents would modify to reach a healthy diet. Attitudes to sugar-free products in adolescents F Messina et al
Another linear model was constructed in order to explain intention by means of the attitude component and the PBC component. The carried out outcomes showed an adjusted R 2 accounting for about 15% of the total variance. The regression coefficients for the components of the model, and the corresponding R 2 are shown in Table 5 .
Finally, a regression model for the relationship determining behaviour through intention revealed an absolutely
For me, to eat sugar-free products in the next days is…(very difficult, very easy)
If I wanted to I could easily eat sugar-free products in the next days…(absolutely false, absolutely true)
If I eat sugar-free products I don't gain in weight (strongly disagree, strongly agree)
If I eat sugar-free products I don't promote tooth decay (strongly disagree, strongly agree)
If I eat sugar-free products I ingest less calories (strongly disagree, strongly agree)
If I eat sugar-free products my stomach aches (strongly disagree,strongly agree)
If I eat sugar-free products Ispend more (strongly disagree, strongly agree)
If I eat sugar-free products I eat worse taste products (strongly disagree, strongly agree)
For me, to eat sugar-free products is…(very bad, very good)
For me, to eat sugar-free products is…(very harmful, very beneficial) Figure 3 Mean ratings of PBC, beliefs and attitudes. Attitudes to sugar-free products in adolescents F Messina et al insignificant and inconsistent outcome, looking at the goodness of fit (R 2 ¼ 0.01).
The results of the regression's models showed that there was an inconsistency in the explanation of the relationship intention-behaviour. Two-thirds of those who answered unlikely really consumed sweeteners and 21.4% of them consumed very high quantities. In all, 17% of those adolescents who responded likely did not eat any sweetener.
Using daily mean consumption of sugar-free foods (after transforming milligrams of sweetener in grams of sugar), the sample was partitioned in three quantiles (tertiles), excluding nonconsumers (who were 21% of the sample size), the first tertile (henceforth moderate consumers), the second tertile (henceforth intermediate consumers) and the third tertile (henceforth high consumers). Figure 4 summarises the average ratings for beliefs and attitudes of moderate consumers, high consumers and nonconsumers, respectively.
The diagram revealed an overall similar trend among the groups of consumers. The two groups of nonconsumers and high consumers differed, on average, for the belief 'If I eat sugar-free products I don't gain weight', nonconsumers agreeing with the statement, high consumers being neither agreed nor disagreed. The group of nonconsumers neither agreed nor disagreed with the belief 'If I eat sugar-free products I spend more', while high consumers disagreed.
The differences between the beliefs 'If I eat sugar-free products I ingest less calories' and 'If I eat sugar-free products I spend more' were significant for the groups first tertile (moderate consumers), third tertile the high consumers, and the group of non consumers (Po0.05).
A large group of adolescents who had intention to consume them (45% of the sample size) did not actually consume any sweetener. Two-thirds of those who did not intend to consume (35% of the sample size) actually consumed sugar-free products and 21.4% of them consumed high quantities.
Discussion
In general, the adolescents of this sample seemed to be quite uncertain in their responses, their ratings being very near 0. Their uncertainty may be partially due to the scarce familiarity and lack of knowledge regarding this specific group of products. On average they did not express an emphatic point of view with regard to the act of eating sugarfree products.
The increasing introduction into the market of new sugarfree products and the confirmed attitude of teenagers to agree to the positive advertising messages require an accurate analysis of the determinants that can influence adolescents' behaviours. Adolescents' daily mean consumption of sucrose equivalent from sugar-free products is very low and among these products adolescents consume, above all, candies and chewing gums. The sugar-free market for these products is so If I eat sugar-free products Idon't gain in weight(strongly disagree, strongly agree)
If I eat sugar-free products Iingest less calories(strongly disagree, strongly agree)
If I eat sugar-free products my stomach aches(strongly disagree, strongly agree)
If Ieat sugar-free products I spend more(strongly disagree, strongly agree)
If I eat sugar-free productsI eat worse taste products (strongly disagree, strongly agree)
For me, to eat sugar-free products is…(very harmful, very beneficial) 1st tertile(moderate consumers) 3rd tertile (high-consumers) Non-consumers Figure 4 Mean ratings of beliefs and attitudes for three kinds of consumers. widespread that it is not possible to understand if the adolescents' choice is intentional or due to the ubiquity of this kind of products (for example the sugar-free chewing gum production represents 75% of the whole Italian chewing gum market). With reference to the perception of their consumption of main food groups, results indicated that the respondents' perception corresponded to their real consumption. Their eating pattern included low carbohydrates, high lipid consumption, few fruit and vegetables. The results of the adolescents' consumption indicated low consumption of table-top sweeteners among the teenagers of the sample and high consumption of products containing simple carbohydrates.
The attitudes towards the consumption of sugar-free products of the two groups of adolescents, nonconsumers and high consumers, were concentrated around the central value of uncertainty on the category scale. On average, adolescents of the sample tended to agree with the healthy behavioural beliefs concerning positive aspects such as 'If I eat sugar-free products I don't gain weight', whereas they tended to disagree with negative aspects such as 'If I eat sugar-free products my stomach aches'.
The results of the assessment of relationships between the variables of the theoretical model revealed the lack of causal links among beliefs, attitudes, intention and consumption of sugar-free products. PBC was not a significant predictor of intention. It needs to be borne in mind that the high frequency of neutral responses of attitudes component (neithery nory) could have reduced their impact on intention. The poor degree of attitude formation could be partially due to the scarce familiarity and lack of knowledge among the Italian adolescents regarding this specific group of products. Moreover, the inconsistency between behavioural intention and consumption of sugar-free products contributed at reducing the impact of intention on the consumption of sugar-free products. Also, potential biases in the measurement of the variables may have influenced the degree of prediction in this study. Thus, the findings of the present study did not seem to confirm that the Fishbein and Ajzen model offers a useful framework for investigating the role of some variables in the choice of sugar-free food. This is in contrast with another study which showed that the theoretical structure was a useful tool with which to build an understanding of the determinants of adolescent's food choice (Dennison & Shepherd, 1995) .
The results of this paper suggested, however, that because the dietary patterns of the teenagers of this sample included few occasions and irregular choices of consumption of products available in a sugar-free version, the target of further studies aimed at investigating beliefs and attitudes towards sugar-free products should be tailored according to the quantity of consumption of such products in order to represent a sample of frequent and high consumers.
